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(57) Abstract : The invention concerns the manufacture of optical microsystems for miniature cameras or miniature matrix displays. 
The method consists in collectively manufacturing, on the front surface of a semiconductor wafer, N matrix arrays of image points 
and associated circuits, to produce N identical chips (10), with on the side of each array external connection pads (CC); collectively 
manufacturing and placing in close contact with the front surface of the semiconductor wafer a plate (22) designed for the collective 
formation of N identical image-forming optical structures, each image-forming optical structure covering one respective chip (10) 
while being adapted to form an overall image corresponding to the matrix array assembly of the respective chip; boring through the 
thickness of the wafer conductive vias (32) reaching up to the contact pads; and only, following those various operations, dividing 
the wafer into N individual optical microsystems comprising an electronic chip covered with an optical structure. 

(57) Abrege : U invention concerne la fabrication des microsystemes optiques pour cameras miniatures ou afficheurs matriciels 
miniatures. On propose fabrique collectivement, sur la face avant d'une tranche semiconductrice, N r&eaux matriciels de points 
d'image et des circuits assoctes, pour nSaliser N puces identiques (10), avec sur le cote de chaque nSseau des plages de connexion 
exterieure (CC); on fabrique collectivement et on place en contact 6troit avec la face avant de la tranche semiconductrice une plaque 
(22) servant a la constitution collective de N structures optiques de formation d'image, identiques, chaque structure optique de for- 
mation d'image recouvrant une puce respective (10) et 6tant apte a former une image globale en correspondance avec F ensemble du 
rSseau matriciel de la puce respective; on ouvre a travers Tepaisseur de la tranche des vias conducteurs (32) allant jusqu'aux plages 
de contact, et, seulement apres ces differentes operations, on divise la tranche en N microsystemes optiques individuels comprenant 
une puce electronique recouverte par une structure optique. 
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OPTICAL MICROSYSTEM AND FABRICATION PROCESS 

The invention relates to optical microsystems with 
monolithic electronic dot matrix. 

5 

The term "optical microsystems" is used here to mean 
image sensing or image display systems formed from a 
monolithic chip (in principle, made of silicon) on 
which has been etched on the one hand a dot matrix 

10 array in rows and columns and on the other hand 
electronic circuits controlling this matrix array; an 
optical image-forming structure is placed in close 
contact with the silicon chip, the chip and attached 
optical structure together forming the optical 

15 microsystem. 

In the case of an image sensor, the matrix arrayed dots 
are photosensitive elements generating electrical 
signals according to the light received by the cell; 
20 the optical image-forming structure is then a system 
(objective lens, in principle) capable of projecting an 
overall image to be detected onto the matrix array of 
photosensitive cells formed on the monolithic chip. 

25 Conversely, in the case of an image display device, the 
dots are electrooptical cells emitting, or 
transmitting, or reflecting light, modulating it 

i 

according to an electrical signal applied to the cell; 
the optical image-forming structure is then a structure 
30 capable of transforming the electrical signals applied 
to the matrix array of electrooptical cells formed on 
the chip into a visible image, real or virtual. 

These optical microsystems are intended for 
35 applications in which miniaturization is essential. 
Examples of these include miniature optical modulators 
designed to project video signals, viewfinders of 
photographic equipment or cameras, display screens and 
miniature cameras on mobile phone handsets, etc. 
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The cost of these systems is largely due to the cost of 
fabrication of the integrated circuit chip. This cost 
in turn results on the one hand from the area of 
5 silicon used to fabricate a chip, and on the other hand 
from the nature and number of operations involved in 
fabrication. In particular, the cost is the result of 
the collective or noncollective nature of the 
operations, in the sense that certain operations are 

10 carried out collectively on a silicon wafer comprising 
a certain number of individual chips, whereas other 
operations must be carried out individually on each 
chip after cutting the wafer into individual chips. If 
certain operations cannot be carried out collectively, 

15 the cost is increased. For the collective operations, 
if the area of silicon used is larger for a chip, only 
a smaller number of chips can be placed on a wafer, so 
increasing the cost of the operations for each chip. 

20 The addition to the electronic chip of an optical 
structure raises similar cost problems since, on the 
one hand, additional operations are necessarily 
required to produce this structure and, on the other 
hand, the need to add an optical system to the chip can 

2 5 modify and make more complex or more costly the 
operations required for the electronic chip itself. 

One object of the invention is therefore to improve the 
ratio between the performance and the cost of 
30 fabrication of an optical microsystem. 

The invention proposes a fabrication process for an 
optical microsystem with monolithic electronic matrix, 
in which N dot matrix arrays and circuits associated 
35 with each array are fabricated collectively, on the 
front of a semiconductor wafer (in principle, made of 
silicon) of a thickness of at least around one hundred 
or several hundred microns, in order to produce on this 
wafer N identical monolithic electronic chips, with, on 
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at least one side of each array, a set of electrical 
contact lands for connecting the corresponding chip 
externally, a plate for collectively forming N 
identical image formation optical structures is 
5 fabricated collectively and placed in close contact 
with the front of the semiconductor wafer, each image 
formation optical structure covering a respective chip 
and being designed to form an overall image 
corresponding with the whoie of the matrix array of the 

10 respective chip, holes through to the contact lands on 
the front are opened at the back of the semiconductor 
wafer and through its thickness, these holes are used 
to establish a conductive electrical connection with 
the contact lands from the back of the wafer, and, only 

15 after these various operations, the wafer is divided 
into N individual optical microsystems, the separation 
between the chips and the separation between the 
optical structures covering the chips being carried out 
along the same cutting lines. 

20 

The optical microsystem according to the invention 
therefore comprises the close association of a 
monolithic electronic chip of a thickness of around one 
hundred or several hundred microns, bearing on its 

25 front a dot matrix array and electrical contact lands, 
and an optical structure for forming an overall image 
corresponding to the array, the structure being placed 
against the front of the chip, with electrical contacts 
at the back of the chip and conductive vias between 

30 these electrical contacts on the back and the contact 
lands on the front, for access to the matrix array. 

In the case of an image microdisplay using as 
associated optical structure a cavity filled with 
35 liquid crystal and sealed with a plate comprising a 
back electrode, the liquid crystal being situated 
between the chip and this plate, provision may also be 
made for the chip to include a hole for filling the 
cavity from the back of the chip, extending from the 
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back to the front of the chip, this hole being sealed 
with a plug. This hole is formed like the electrical 
access holes that pass through the thickness of the 
chip and provide electrical access to the matrix array 
5 from the back of the chip. 

The holes are formed in practice by anisotropic plasma 
etching, this technique being used to form in the 
silicon holes of a few tens of microns in diameter or 
10 side, over several hundred microns in depth. Laser or 
ultrasonic drilling techniques may also be considered. 

Preferably, the fabrication process includes a -step for 
bonding the chip to the optical image-forming 

15 structure; this step can include the formation of a 
sealing bead around each chip to provide for this 
bonding; this bead is deposited in rows and columns, at 
the collective fabrication stage, on the semiconductor 
wafer or on the plate intended to form the optical 

20 structures; at the end of the collective fabrication 
steps, the wafer and the plate are cut along rows and 
columns extending in the direction of the sealing beads 
and preferably centered widthwise along the latter. 

25 Other features and benefits of the invention will 
become apparent on reading the detailed description 
that follows, given with reference to the appended 
drawings in which: 

- figure 1 and figure 2 represent, in plan view, the 
30 principle of offset superposition of an electronic 

chip array and an optical structure array in a 
collective fabrication; 

- figure 3 and figure 4 represent, respectively in plan 
and side cross-sectional views, an individual optical 

35 microsystem resulting from wafer cutting after 
collective fabrication; 

- figure 5 represents the margins to be complied with 
to establish the offset between the chips and the 
optical systems on cutting the wafers; 
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- figure 6 represents an optical microsystem structure 
according to the invention; 

- figure 7 represents the configuration of sealing 
beads between chips and optical systems and the 

5 cutting lines centered widthwise along the beads; 

- figure 8 shows how to produce an electrical port with 
a back electrode formed on the optical structure. 

The invention will be described mainly with respect to 
10 a liquid crystal image microdisplay for which it is 
particularly interesting. 

For a better understanding of the problems raised by 
the collective fabrication of an optical microsystem, 

15 and in the present case a liquid crystal microdisplay, 
figure 1 diagrammatically represents, in plan view, a 
silicon wafer (or more generally, an integrated circuit 
substrate) on the front of which have been fabricated 
collectively N identical integrated circuits, each 

20 corresponding to one of the microdisplays to be 
produced. After the collective fabrication operations, 
performed on the wafer, the latter is intended to be 
separated into individual chips along straight lines 
shown dashed in figure 1. An individual monolithic chip 

25 is delimited by a network of two adjacent horizontal 
dashed lines H1H1 and H2H2 and two adjacent vertical 
dashed lines V1V1 and V2V2 . 

An individual chip 10 comprises a dot matrix array RM, 
30 peripheral circuits around this network, and metal 
contact lands CC on the periphery of the chip along at 
least one side of the chip, but in practice along two 
sides when there are a large number of contacts to be 
placed (several tens, for example) . 

35 

In a conventional manner, in the fabrication of an 
integrated circuit chip, the electrical contact lands 
CC are intended to be connected externally via wires 
soldered to these lands (a technique called "wire- 
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bonding" ) . 

To form from this chip an optical microsystem 
comprising both a chip and an optical image-forming 
5 structure, it is desirable, as far as possible, to 
fabricate collectively the optical structure from a 
wafer incorporating N structures in the same way as the 
chip is collectively fabricated from a silicon wafer 
comprising N chips. 

10 

This fabrication, however, comes up against obstacles, 
the consequences of which the present invention seeks 
to minimize . 

15 A particular obstacle is due to the need to leave the 
access to the electrical contact lands CC free to allow 
wires to be bonded to them. 

In figure 2, it is assumed that the optical structure 
20 is fabricated collectively on a specific wafer that is 
added (by bonding, welding or other means) to the 
silicon wafer. An individual optical structure 20, 
corresponding to a chip 10, has been marked 
symbolically in the form of an oval situated above the 
25 matrix array 20. For a liquid crystal microdisplay, the 
optical image-forming structure 20 mainly comprises a 
cavity filled with liquid crystal and a transparent 
electrode deposited on a glass plate, used to convert 
directly the electrical signals from the matrix array 
30 into an overall image to be displayed. In the case of 
an image sensor, the structure would be formed, for 
example, by a lens projecting the complete image to be 
detected onto the matrix array. 

35 For the electrical contact lands CC to remain clear for 
subsequent bonding of connecting wires after cutting 
into individual microsystems, it will be understood 
that the wafer must be cut into optical structures 
according to a network of horizontal and vertical lines 
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that are not identical to the chip cutting lines: if 
the chip 10 is cut on the right along a vertical line 
VV and at the bottom along a horizontal line HH, the 
corresponding optical structure must be cut on the 
5 right along a line V f V f offset from the line VV and at 
the bottom along a line H ! H ! offset from the line HH. 
The contact lands are situated on the one hand between 
the lines HH and H f H f and on the other hand between the 
lines VV and V ! V ! . The network of rows and columns for 
10 cutting the optical structures is a network offset from 
the network of chip cutting rows and columns. 

The collective fabrication of the microsystem by the 
integration of a wafer of optical structures on the 

15 silicon wafer before these wafers are cut into N 
individual microsystems is therefore made difficult and 
costly because of this two-stage cutting operation: 
cutting on the top side, cutting on the bottom side, 
according to two different networks of rows and 

2 0 columns. 

Figure 3 shows an optical microsystem resulting from 
this double cutting method, showing the offset 
superposition between the optical wafer 22 obtained 
25 from cutting the wafer of optical structures and the 
chip 10 obtained from cutting the silicon wafer, the 
contacts CC of the chip not being covered by the 
optical wafer 22. 

30 Figure 4 represents a side view of the microsystem, 
also showing this offset between the lateral edges of 
the chip and the lateral edges of the optical wafer 22. 
This figure 4, corresponding to the case of a liquid 
crystal display, shows a cavity filled with liquid 

35 crystal CL, this cavity being formed between the front 
of the silicon chip 10 (the front being the side on 
which the matrix array has been formed) and the wafer 
22. The cavity covers all of the matrix array RM. 
Spacers 24 can be provided to define the thickness of 
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the cavity. A sealing bead 26 (in principle made of 
epoxy resin) surrounds the entire cavity to 
hermetically seal it while bonding the silicon wafer 
onto the wafer of optical structures level with each 
5 chip. 

Figure 5 represents, in plan view, the position of the 
sealing bead 2 6 around the cavity which overhangs the 
matrix array RM. It can be seen that the practical 
10 fabrication of such a system requires the provision of: 

- a spacing margin between the matrix array RM and the 
weld bead 26; 

- a spacing margin between the weld bead 2 6 and the 
edge of the optical wafer 22; 

15 - a spacing margin between the edge of the optical 
wafer and the contact lands CC; this large value 
margin is necessary in particular for the toolage for 
bonding wires onto the contact lands CC; 

- a spacing margin between the contact lands CC and the 
20 edge of the silicon wafer. 

These margins correspondingly increase the chip area 
needed for a matrix array RM of a given dimension and 
correspondingly increase the cost of the microsystem of 
25 given performance. 

Figure 6 gives a cross-sectional representation of the 
theoretical structure of the microsystem according to 
the invention . 

30 

The silicon chip 10 and the optical wafer 22 are 
precisely superposed with no lateral offset. The 
contact lands CC on the front of the chip are 
electrically linked to respective contact lands 30 on 
35 the back of the chip by respective conductive vias 32 
passing right through the thickness of the chip, this 
thickness being conventionally a few hundred microns, 
and in any case at least 70 microns. The thickness 
stated here is given by comparison with image sensors 
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formed on thinned silicon with a thickness of around 
10 microns or less, which involve delicate operations, 
in particular transfer onto a supporting substrate and 
lapping, and which are not the concern of the present 
5 invention, whether for image sensors or, a fortiori, 
for displays . 

In the example represented, which is a liquid crystal 
display, the cavity filled with liquid crystal CL is 

10 closed at the top by a wafer 22 which is preferably a 
glass wafer, and at the sides by a sealing bead 26 
which completely surrounds and precisely follows the 
periphery of the chip and of the wafer with no spacing 
margin between the bead 2 6 and the edge of the wafer 

15 (or of the chip) or, if necessary, with a very small 
margin. Spacers 24 can be provided to define the 
spacing between the chip and the optical wafer 22 
(these spacers could be embedded in the sealing bead) . 

20 The optical image-forming structure is formed by the 
wafer 22 and the cavity of which it forms a main wall. 

The spacing margins that were necessary in the 
embodiment represented in figure 5 are no longer 
25 necessary. A proportionally much larger area of chip 
can be assigned to the matrix array. 

The contact lands CC can be distributed, if so desired 
or if necessary, around the four sides of the chip, 
30 which would not have been possible with a configuration 
such as that of figure 5 with offset between chip and 
optical wafer. 

Very advantageously, for a liquid crystal display a 
35 liquid crystal filling hole 34 through the thickness of 
the silicon chip is also provided. The hole is made 
either at the same time as the contact via holes 32, or 
later. This hole 34 is plugged, after the cavity has 
been filled with liquid crystal, by a plug 36 of 
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adhesive, for example UV-curable adhesive. Filling and 
plugging take place during fabrication on the wafer, 
before division of the wafer into individual 
microsystems, which is particularly advantageous 
5 especially from the point of view of the purity of the 
liquid crystal introduced (minimizing impurities when 
working on wafers) . Filling is done after having placed 
the wafer of microsystems in a vacuum for several 
hours . 

10 

With this filling hole, there is no need for the 
sealing bead 26 to be interrupted over a part of its 
periphery, to allow filling before closing the 
interrupted part of the sealing bead. 

15 

The holes in thick silicon, for the contact vias or for 
the filling orifice, can be made by plasma reactive ion 
etching. Holes with a diameter or width or a few tens 
of microns can be made to a depth of several hundred 

20 microns, and that is very suitable. The contact lands 
CC have a width slightly greater than the width of the 
hole, so that the hole emerges with certainty at the 
back of the contact pad. The filling hole can have a 
larger diameter than the electrical connection vias if 

25 the characteristics of the liquid crystal demand it; it 
does not emerge on a contact land. 

On the back of the chip, a conductive layer can be 
deposited and etched forming contacts 30 linked to the 

30 conductive vias 32. This layer can moreover be used to 
create a network of interconnections on the back of the 
chip. The contacts 30 can be used conventionally for 
connections external to the chip, either by soldered 
wires, or by direct bonding onto a substrate having 

35 contact lands in line with the contacts 30 and 
soldering between the chip and the substrate. In this 
latter case, it is desirable to form the contacts 30 as 
conductive bumps located on these contacts, or to form 
such bumps at other required locations on the back of 
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the chip and then link these bumps to the contacts 30 
via interconnections formed at the same time as the 
contacts 30. 

5 The chips and the optical wafers can be cut in a single 
cutting operation, with no lateral offset and with no 
need to make a cut underneath and then on top of the 
wafer. Furthermore, given that the sealing bead 2 6 does 
not need to be located between the matrix array and the 

10 contact lands CC, it is possible to provide a single 
sealing bead line between two adjacent rows of chips on 
the wafer, and the sawing into individual microsystems 
after the end of the wafer fabrication process can be 
done along the center of a single sealing bead placed 

15 precisely between the two rows of chips. Figure 7 
represents the theoretical general arrangement showing 
the sealing beads 2 6, of which the center lines HH and 
VV constitute the microsystem cutting lines. The 
sealing bead can have a total width of approximately 

20 250 microns. 

It will be noted that, in a liquid crystal display 
application, the optical structure comprises a matrix 
array of electrodes on the chip and a back electrode on 

25 the optical wafer 22, the liquid crystal being 
controlled by a potential difference between an 
electrode of the matrix array and the back electrode 
formed on the wafer 22. In figure 4, a contact land 
could be provided under the wafer to provide electrical 

30 access to the back electrode, this contact land being 
accessible given that it is located in the part of the 
optical wafer not covering the chip 10. 

In the structure according to the invention, an 
35 electrical connection is established with the back 
electrode 40, similar to those established with the 
bonding pads of the chip, and this in the manner 
represented in figure 8. This figure shows, for 
simplicity, on the right, one of the contact lands CC 
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on the chip with a via 32 through the thickness of the 
chip, this via 32 meeting a conductive land 30 on the 
back of the chip, and on the left, another contact land 
42 on the front of the chip, covering a conductive via 
5 44 passing right through the thickness of the chip and 
meeting a conductive land 4 6 on the back of the chip. 
The via 44 is, like the via 32, filled with conductive 
material. Above the contact land 42, a drop of 
conductive adhesive 48 for example is deposited, which 
10 makes contact with the back electrode 40 of the wafer 
22. This deposit is made before adhesively bonding the 
two wafers to each other. In this way, an electrical 
access to the back electrode through the back of the 
chip is established. 

15 

Overall, the microsystem fabrication process can be 
summarized as follows: 

The silicon wafer is treated in the conventional way by 
20 deposition, etching, doping operations, preferably in 
CMOS technology, in order to create the matrix array 
RM, the circuits controlling this array, other 
ancillary circuits (converters, signal processing 
circuits, etc), and the contact lands CC. 

25 

The holes intended to form the conductive vias 32 are 
made by reactive ion etching, through the back of the 
silicon wafer, .the holes to be etched being delimited 
by a photoetched resin according to the pattern of 

30 holes to be formed. For this photoetching, a resist 
alignment is carried out preferably using a system of 
infrared lighting passing through the thickness of the 
silicon chip and used to check that the position of the 
photoetch resist on the back of the semiconductor wafer 

35 is correct relative to the position of the contact 
lands 4 4 on the front of the wafer. The holes can also 
be made by laser or ultrasonic micromachining . 

Etching of the silicon is stopped when the etchants 
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reach the contact lands CC, demonstrating that the 
holes have passed right through the thickness of the 
silicon. The stopping of etching is either automatic if 
the etchant does not attack the aluminum of the contact 
5 lands, or detected on the appearance of aluminum 
particles. Etching can also be stopped, in CMOS 
technology, at a layer of silicon oxide produced prior 
to metal deposition. 

10 The filling hole 34 can be made at this stage or can be 
made separately . 

The holes are surface-oxidized to prevent subsequent 
electrical contact between the conductive vias and the 
15 silicon substrate forming the body of the chip. 

Then a metal (preferably aluminum) is deposited in the 
holes. The filling hole 34 is protected at this stage 
if it has already been formed. The metal deposited in 
20 the holes is over their surface or else it fills the 
holes . 

A metal layer is deposited over the entire back surface 
either simultaneously with the preceding metal 
25 deposition or in a separate operation. This layer is 
etched to form the contacts 30 and any interconnections 
on the back of the chip. 

The filling hole 34 can be made at this stage, if it 
30 has not already been made. 

Conductive bumps can, if necessary, be made at this 
stage on the back of the chip if the microsystem needs 
to be bonded by direct, pad-to-pad surface soldering on 
35 a support substrate. The bumps are in principle made by 
electrolytic deposition on conductive lands on the back 
of the chip. 



To produce the contacts through the substrate, 
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different methods can be considered, including, for 
example, the delimitation of conductive silicon pads 
passing right through the thickness of the substrate 
and surrounded by a cylindrical ring of insulator. 

5 

At this stage, the operations on the back of the chip 
are finished. 

Spacers have been formed on the front of the wafer of 
10 the chip or are formed at this stage (spacers made of 
resin or oxide, of controlled thickness) at locations 
that do not interfere with the optical operation. 

A layer of liquid-crystal-keying polyimide can be 
15 deposited at this stage, in particular when the liquid 
crystal needs to be oriented according to a rubbing 
direction of the layer with which it is in contact (as 
in the case of twisted nematic liquid crystals in 
particular) . The polyimide is rubbed in the desired 
20 direction. 

An adhesive sealing bead (epoxy resin) is deposited in 
rows and columns between the chips of the wafer. 

25 A drop of conductive adhesive or a ball of conductive 
material of a diameter greater than the thickness of 
the finished cavity is deposited above that of the 
contact lands CC to provide contact with a back 
electrode of the optical structure. 

30 

The wafer of optical structures is, in practice, a 
single wafer of glass coated with an overall back 
electrode, delimited or not delimited for each chip, 
this back electrode itself being coated with rubbed 
35 polyimide if the nature of the liquid crystal requires 
it. The wafer of optical structures is adhesively 
bonded to the silicon wafer. The sealing bead seals 
each cavity and bonds the wafers to each other. Contact 
with the back electrode is established by the 
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conductive adhesive. 

The sealing bead is thermally cured. 

5 The cavity can then be filled with liquid crystal, 
after having created a vacuum in the cavity. The vacuum 
is created by pumping and baking for several hours. 

The filling hole is sealed by a plug of adhesive, for 
10 example an UV-cured adhesive. 

The wafer can then be cut into individual microsystems, 
for example by sawing along the rows and columns, 
following the widthwise center line of the sealing 
15 beads. 

The microsystems can be surface mounted, if necessary, 
onto a substrate, by conventional surface mounting 
techniques (soldered wires, the chip then being flipped 

20 over so that the front faces the substrate, but it is 
then necessary for the substrate to be open opposite 
the chip, failing which the optical structure would not 
be able to function) , or surface mounting by soldering, 
pad to pad, when conductive bumps have been made on the 

25 back of the chip. 

The invention is particularly interesting in respect of 
liquid crystal microdisplays , in which the electrodes 
of the matrix array are used both as control electrodes 

30 for locally applying a potential difference to the 
liquid crystal, and as an optical mirror to reflect the 
light reaching the electrode through the liquid crystal 
and return it back through the liquid crystal. The 
electrodes are in this case preferably made of 

35 aluminum. 



